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ABSTRACT 
 
 
 
 
 Agarwood which is also known as Aquilaria is the most valuable wood in the 
world with higher prices and demands nowadays. The widely uses of agarwood in 
meditation field, essential oil production and etc makes agarwood one of the precious 
things on earth. The study was carried out to analysis compounds present in 
agarwood oil by using Preparative Thin Layer chromatography. In this study, used of 
Aquilaria Maleccencis from Malaysia as the sample and it can be classified in grade 
C. After extraction, isolation was carrying out to isolate it complex component 
present and detected by UV irradiation to afford 4 spots. Each spots, i.e spots 1, 2, 3 
and 4 numbered in order of increasing polarity and each separated spot was 
confirmed by GC-MS. Results from GC-MS was analyzed to confirm presented of 
sesquiterpenes as a mojor active compound in agarwood oil and comparison between 
sample was made between commercial sample, i.e. Maha and Kelantan samples. This 
study showed a marked similar compound presented in the oil compositions among 
the sample and commercial samples. 
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ABSTRAK 
 
 
 
 
 Kayu Agar atau lebih dikenali sebagai Aquilira adalah antara kayu yang 
paling berharga dan mempunyai permintaan dan harga yang tinggi. Penggunaan kayu 
Agar secara meluas dalam bidang perubatan, pengahasilan minyak wangi dan 
sebagainya menjadikan kayu Agar sebagai sesuatu yang berharga di dunia. Kajian ini  
dijalankan untuk menganalisa kumpulan yang wujud dalam minyak kayu Agar 
dengan menggunakan kaedah preparative Thin Layer Chromatography. Dalam 
kajian ini,  Gred C dari spesis Aquilaria Malaccensis dari Malaysia telah digunakan 
sebagai sampel. Selepas proses pengekstrakan, kumpulan  komplek yang terdapat di 
dalam minyak tersebut, diklaskan dengan menggunakan kaedah Preparative Thin 
Layer Chromatography dan menghasilkan 4 tanda selepas diimbas di bawah  
pengcahayaan UV. Setiap tanda tersebut, dinomborkan dengan 1, 2, 3 & 4 mengikut 
kepolaran dan analisis oleh GC-MS dilakukan untuk mengesahkan kompaun yang 
wujud dalam setiap tanda tersebut. Keputusan dari GC-MS membuktikan kumpulan 
sesquiterpenes adalah kompaun yang banyak hadir dalam minyak kayu Agar. 
Seterusnya, perbandingan dilakukan ke atas sampel dari makmal dan komersial 
(MAHA&Kelantan). Dalam kajian ini, menunjukkan wujudnya persamaan kompaun 
dalam setiap sampel yang dianalisa.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
The fragrant wood of Aquilaria species is known as agarwood, aloe wood, 
eaglewood or gaharu depending on the country. In Malaysia, the tree of Aquilaria is 
called karas and its fragrant wood is known as gaharu. The wealth of names for this 
dark and heavy wood reflects its widespread and varied use over thousand of years. It 
is also used highly regarded for use during Buddhist and Islamic cultural activities as 
well as an important ingredient in many traditional medicines and cosmetic. 
agarwood is considered to be a pathological product produced by fungal invasion of 
the host. The oil obtained from agarwood is described as a stimulant, car diatonic and 
carminative (Qi Shu-Yuan-1992). Each kilograms of high-quality agarwood can 
fetch up to RM30000 in the global market and prices are expected to surge as 
demand continues to rise (Raduan Md Taib-2008). 
 
In Malaysia, the techniques currently practiced in the industry for the 
extraction of oils are by hydro-distillation and solvent extraction (Nor Azah Mohd. 
Ali- 2002). The odors of the oil can be described as complex mixture compound. The 
technique most widely used for purify assessment is liquid chromatography (LC) 
with mass spectrometric (MS), ultraviolet (UV) and preparative thin layer 
chromatography (PTLC). PTLC is a new isolation device and it’s has proven to 
purified synthesis product successfully (Piia K.Salo- 2006).  The present of active 
component was analysis by (GC-MS) Gas Chromatograph- Mass Spectrometer 
(Tamuli-2007) 
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1.2 Objective 
 
 
The objective of this project is: 
 
 
I. To extract agarwood oil by using hydro-distillation method.  
II. To purify agarwood oil produced by using Preparative Thin –Layer 
 Chromatography (PTLC) 
III. To analysis of component in agarwood oil via Gas Chromatography- 
 mass spectrometer (GCMS) 
IV. To compare chemical compound in agarwood oil from lab scale 
 (hydro-distillation method) production with commercial scale. 
 
 
1.3 Scope of study  
 
 
There are some important tasks to be carried out in order to achieve the 
objective of this study. The important scopes have been identified for this research in 
achieving the objective: 
 
 
I. In this study, one type of samples is being used that is Gred C, 
Aqualaria Malaccensis. The agarwood oil would be extracted by the 
hydro-distillation method 
II. In this research, purification and analysis would be done to determine 
all components present in the oil from agarwood. The fraction 
component from sample obtained from extraction would be isolated by 
Preparative Thin –Layer Chromatography (PTLC). The present of 
component was confirmed by using Gas Chromatography- mass 
spectrometer (GCMS).  By doing so, some important component in 
essential oil from Agarwood would be determined. 
III. Two types of samples from commercial scale are being used that is 
from MAHA and Kelantan industrial. 
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1.4 Problem statement 
 
 
 In Malaysia, agarwood oil extractions are mostly done by hydro-distillation. 
Hydro-distillation is the oldest and most common method of extracting essential oil since 
it is economically viable and safe. Local institutions like the Forest Research Institute 
of Malaysia (FRIM) and The Malaysian Timber Industry Board (MTIB) play a major 
role in the essential oil technology transfer. Even though research were carried out at 
these institution, lack of documentation and research publication on their part, 
contributed to this study. Thus, this study want to see whether this method is proven 
can produce oil and give information on what important step during extraction of 
agarwood. 
 
 
Today, the demand for significant oil of agarwood standards has increased. 
Nevertheless, the complex chemical compound in its oil has not been well researched 
and there is no full identification of the component and no standardizing for quality 
of its oil. Sometime, adulteration occur during manufacturing standardize. Thus, the 
challenge is to come out with standard quality control and characteristic for active 
compound in agarwood oil. Once the standard of active component in agarwood oil 
is developed, then the quality of agarwood oil can be identified. So this study will 
purify and analysis compound in oil by using PTLC and GCMS due to identify 
active component that make agarwood essential oil became “black gold of the 
forest”. 
 
 
1.5 Benefit and significant of research 
 
 
I. Good laboratory practice in performing laboratory testing of hydro-
distillation method of oil from agarwood will be developed.  
II. Active component in essential oil of agarwood will recognized and 
acquire to compare with global market standards. 
III. Comparison active component in oil of agarwood between lab and 
industrial scale will be developed. 
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CHAPTER 2 
 
 
 
 
REVIEW OF RELATED RESEARCH 
 
 
2.1 Agarwood (Aquilaria malaccensis  ) 
 
 
Aquilaria malaccensis is one of 15 tree species in the Indomalesian genus 
Aquilaria, family Thymelaeaceae (Mabberley-1997). It is a large evergreen tree 
growing over 15-30 m tall and 1.5 – 2.5 m in diameter, and has white flowers 
(Chakrabarty- 1994). Aquilaria malaccensis and other species in the genus Aquilaria 
sometimes produce resin-impregnated heartwood that is fragrant and highly valuable. 
It widely distributed in south and south – East Asia. There are differing accounts of 
the countries in which it occurs. According to Oldfield (1998), Aquilaria malaccensis 
is found in 10 countries which are Malaysia, Indonesia, Iran, Myanmar, Philippines, 
Singapore, Bangladesh, Bhutan, India and Thailand. 
 
 
  Aquilaria species have adapted to live in various habitats, including those that 
are rocky, sandy, well drained slopes and ridges and land near swamps. Agarwood is 
traded in several raw forms, ranging from large sections of trunk to finished products 
such as incense and perfumes. Agarwood powder is generally much less expensive 
that chips or flakes, with prices varying from around USD20-60/kg. Grading 
agarwood is a subjective and complicated process based on size, color, shape, 
weight, density and flammability. The Forest Research Institute Malaysia (FRIM) 
categorizes agarwood as grades A, B, and C based on chemical analysis. 
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2.2 Extraction by hydro distillation 
 
 
There are a few conventional and modern methods of extracting essential 
oils. It can be extracted by hydro-distillation, cold pressing, effleurage, hydro-
diffusion, supercritical fluid extraction, vapor-cracking, turbo-extractor and 
microwave extraction. In Malaysia, the techniques currently practiced in the industry 
for the extraction of essential oils are by hydro-distillation; steam, water and water / 
steam distillation and solvent extraction (Nor Azah Mohd. Ali- 2002). 
 
 
According to Guenther (1972), the equipment required for carrying on 
distillation of plant materials depends upon the size of the operation and the type of 
distillation to be used. There are, however three main parts, which in varying size, 
form the base for all three types of hydro-distillation. The three universally employed 
parts are: 
 
(1) The retort or still proper 
(2) The condenser 
(3) The receiver for the condensate or oil separator 
  
 
According to Guenther (1972), the ratio between quantity of condensed water 
and time may be designated as rate of distillation (kg/hr). If the velocity of the rising 
steam is too low, the steam will stagnate in the condenser of the charge and complete 
exhaustion is impossible. Hence, if the velocity is too high, the steam may break 
through the charge, form steam channel, hurl plant particles into the condenser and 
partly clogging it. 
 
 
Hydro-distillation is commonly used for the extraction of essential oil. The 
essential oils of plants such as caraway, clove and sandalwood are examples of plants 
extracted by this process. When extracted they have an oil yield of 0.10 to 15.0 
percent of essential oil (Derksen-1990).  
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2.3 Chemical of compound in agarwood oil 
 
 
2.3.1 Chemical compounds 
 
 
Agar is considered to be a pathological product produced by fungal invasion 
of the host (Qi Shu-Yuan-1992). Since 1938, few workers have been studying about 
agar formation and reported the agar zones to be associated with mold and decay 
fungi (Bose-1938; Bhattacharyya-1952; Jalaluddin-1977; Venkataramanan- 1985; 
Beniwal-1989; Tamuli -2000; Mitra and Gogoi-2001). Among different fungal 
species reported to be associated with agar zones, few could exhibit pathogenesis 
with the development of disease symptoms while others seem to be of saprophytic 
nature in different eco-geographical condition.  
 
 
Maheshwari-1963 isolated three new sesquiterpenic furanoids of the selinane 
group from agarwood oil, obtained from the fungus infected plant and their structures 
and absolute configurations determined by degradative studies and physical 
measurements. Varma-1965 examined that degradative studies and physical 
measurements supported by an unambiguous synthesis of the derived ketone have led 
to the assignment of a novel spiroskeleton to agarospirol, a sesquiterpene alcohol 
isolated from the essential oil of infected agarwood. Paknikar and Dhavlikar-1975 
and Paknikar and Naik-1975 reported that on hydrogenation of α- agarofuran and β-
agarofuran the same dihydroagarofuran was obtained. 
 
 
Thomas and Ozainne-1976 reported some naturally occurring 
dihydroagarofuran and isodihydroagarofuran to unequivocally show that the 
dihydroagarofuran found was indeed dihydro-β-agarofuran and isodihydroagarofuran 
was isodihydro- β-agarofuran; two separate compounds. Pant and Rastogi-1980 and 
Bhandari-1982 isolated a new sesquiterpene, agarol and a couinarinolignan, 
aquillochin, respectively, from the oil of agarwood. Nagashima-1983 further 
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characterized the presence of two more sesquiterpene alcohols, jinkohol II and 
jinkoh- eremol, from the Indonesia agarwood oil.  
 
 
Nakanishi-1984 again reported that a benzene extract of an Indonesian 
sample of 'Jinkoh' agarwood was found to contain α-agarofuran, 10-epi- γ- eudesmol 
and oxo-agarospirol. Ishihara-1991 characterized seven new sesquiterpenes based on 
the guaiane skeleton in a sample of agarwood oil. Five new eudesmane 
sesquiterpenes and three other compounds further characterized by Ishihara-1993 in 
a sample of agarwood extract produced in the laboratory from A. agallocha of 
Vietnamese origin.  
 
 
The list of common chemical compounds detected in selected agarwood oils 
from various locations is shown in Table 1. The results of this work indicate that 
there are some similarities and variations in the chemical composition of several of 
Grade C agarwood oil samples tested reported by Nor Azah-2008. 
 
Table 1: Common chemical compounds in agarwood oils 
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2.3.2  Sesquiterpenes as major component in agarwood oil 
 
 
 Generally, agarwood oils are mitures of sesquiterpenes, sesquiterpene 
alcohols,oxgyenated compounds, chromone derivatives and resins. Some importants 
compounds are agarospirol, jinkohol-eremol, jinkohol and kesenol that may 
contribute to characteristic aroma of agarwood (Nakanishi-1984,Ishihara-1993).  
The name terpene specifically refers to naturally occurring compounds that 
are derivatives of a single isoprene unit. The smallest terpene molecules, those 
containing 10 carbon atoms are called monoterpenes. The larger molecules, 
increased by one isoprene unit at a time, are called sesquiterpenes (C15H24), 
diterpenes (C20H32), triterpenes (C30H48), and tetraterpenes (C40H64). The 
monoterpenes are mostly volatile, which accounts for their fragrances.  
Terpenes of higher molecular weight are less volatile, although 
sesquiterpenes contribute to the flavours of some foods. Refer to research report by 
Masakazu- 1993, agarwood oil contained large amount of oxygenates sesquiterpene 
and chromone derivatives. Because sesquiterpenes are of lower volatility than the 
monoterpenes, sesquiterpenes (C15H24), are isolated from their natural sources by 
distillation with steam or by extraction. They are purified by vacuum fractional 
distillation or by chromatography. 
 The sesquiterpenes demonstrate an even greater complexity of structure than 
the monoterpenes, and oxygenated sesquiterpenes are commonly encountered. Two 
arrangements of isoprene units are found in bicyclic sesquiterpenes, the cadalene and 
the eudalene types, and the carbon skeleton of a sesquiterpene may frequently be 
determined by heating it with sulfur or selenium to effect dehydrogenation to the 
corresponding naphthalenic hydrocarbons: cadalene, 4-isopropyl-1,6-
dimethylnaphthalene; or eudalene, 7-isopropyl-1-methylnaphthalene. In those cases 
in which sulfur dehydrogenation fails to yield information about the carbon skeleton 
of a sesquiterpene, a systematic degradation by oxidation to compounds of known 
structure is necessary. 
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Cadinene, the principal component of oils of cubeb and cade, is a typical 
sesquiterpene of the cadalene type. It is optically active oil with a boiling point of 
274 °C (525 °F). β-Selinene, present in celery oil, is typical of the eudalene type. 
 
 
 
 
 
2.4 Isolated of Agarwood oil 
 
 
 Agarwood oil is the complex compound, so we need to purify and isolate this 
complex compound in order to identify a major constituent in agarwood oil. There 
are many technique most widely used for purify such as Liquid chromatography 
(LC) with mass spectrometric (MS), ultraviolet (UV), diode- array (DAD), 
evaporative light scattering (ELSD), capillary electrophoresis (CE) and Thin Layer 
chromatography (TLC). Although is the main technique for quality control of 
synthesis and purification, TLC and Preparative layer chromatography (PLC) are 
important. They enable simultaneous analysis of many samples on one plate, solvent 
consumption is low, plate are disposable, so there are no memory effect, and it is 
possible to use several detection method in sequence. TLC is furthermore, an easy, 
inexpensive method that can be used in any laboratory (Piia K. Salo- 2006).  
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2.4.1 Theory of Thin Layer Chromatography (TLC) 
 
 
To thoroughly understand the process of TLC, as well as all types of 
chromatography, we must travel to the molecular level. All forms of chromatography 
involve a dynamic and rapid equilibrium of molecules between the two phases. As 
shown in Figure 2.1, there are: 
 
1. free - completely dissolved in the liquid or gaseous mobile phase and 
2. absorbed - stuck on the surface of the solid stationary phase. 
 
 
 
Figure 2.1: Mixture of A & B frees in mobile phase and absorbed on the stationary 
phase. 
 
 
Molecules are continuously moving back and forth between the free and 
absorbed states with millions of molecules absorbing and millions of other molecules 
desorbing each second. The equilibrium between the free and absorbed states 
depends on three factors: 
 
I. Polarity and size of the molecule 
II. Polarity of the stationary phase 
III. Polarity of the solvent 
 
 
Thus, one has three different variables to change in chromatography. The 
polarity of the molecules is determined by their structures. By selecting different 
stationary and mobile phases, one can change the equilibrium between the free and 
  11
absorbed states. It is important to understand chromatography at this molecular level 
because this allows one to choose mobile and stationary phases that will separate just 
about any mixture of molecules. 
 
 
 Since the A molecules spend more time in the mobile phase, they will be 
carried through the stationary phase faster and move farther in a given amount of 
time. Since B is absorbed to the stationary phase more than A, B molecules spend 
less time in the mobile phase and therefore move through the stationary phase 
particles more slowly. The B molecules don’t move as far in the same amount of 
time. The consequences of this flowing mobile phase are that A is gradually 
separated from B by moving ahead in the flow. This separation process is depicted in 
Figure 2.2. 
 
 
 
Figure 2.2: Mixture of A & B separated by a moving mobile phase while being 
absorbed on the stationary phase. 
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In TLC, the stationary phase is typically alumina (Al2O3xH2O)n or silica gel 
(SiO2.xH2O)n. The covalent network of these absorbents creates very polar 
materials. The structure of silica is shown below: 
 
 
 
Figure 2.3: Structure of Silica (SiO2.xH2O)n. 
 
The electropositive character of the aluminum or silicon and the 
electronegative oxygen create a very polar stationary phase. Therefore, the more 
polar the molecule to be separated, the stronger the attractive force to the stationary 
phase. 
 
 
 
2.4.2  Spotting the TLC Plate 
 
 
One advantage TLC has over other separation methods is that it is truly a 
micro scale technique. Only a few micrograms of material in solution are necessary 
to observe the solute on a TLC plate. Dissolve a few milligrams of material in a 
volatile solvent creating a dilute solution. Choose a volatile solvent that completely 
dissolves the sample. However, if it is partially soluble, since such only low 
concentrations are needed, normally we will be able to observe the compound. Once 
the sample is prepared, a spotting capillary must be used to add the sample to the 
plate. The spotting capillaries must be extremely small. In fact, the opening at the 
end of a regular Pasteur pipet is too big for spotting a TLC plate. The solution can be 
drawn up the tube by capillary action (hence the name) and spotted on the plate at the 
hash mark labeled in pencil.  
  13
This is known as the origin and is shown in Figure 2.4. Since a TLC plate 
can run three, if not four mixtures at one time, it is very important to properly label 
the plate. Notice that pencil is always used to mark a TLC plate since the graphite 
carbon is inert. If organic ink is used to mark the plate, it will chromatograph just as 
any other organic compound and give incorrect results. 
 
 
 
Figure 2.4: TLC Plate ready to be spotted. 
 
 
The solvent should evaporate quickly leaving your mixture behind on the 
plate. Spot the plate a couple of times to ensure the material is present, but do not 
spot too much sample. If too much solute is added to the plate, a poor separation will 
result. Smearing, smudging and spots that overlap will result making identification of 
separated components difficult. 
 
 
 
 
2.4.3 Development 
 
 
Once the dilute solution of the mixture has been spotted on the plate, the next 
step is the development. Just like paper chromatography, the solvent must be in 
